Melanoma is not only one of the most immunogenic cancers but also one of the most effective cancers at subverting host immunity. The role of T lymphocytes in tumor immunity has been extensively studied in melanoma, whereas less is known about the importance of B lymphocytes. The effects of plasma cells (PCs), in particular, are still obscure. The aim of this study was to characterize pathological features and clinical outcome of primary cutaneous melanomas associated with PCs. Moreover, we investigated the origins of the melanoma-associated PCs. Finally, we studied the outcome of patients with primary melanomas with PCs. We reviewed 710 melanomas to correlate the presence of PCs with histological prognostic markers. Immunohistochemistry for CD138 and heavy and light chains was performed in primary melanomas (PM) and in loco-regional lymph nodes (LN), both metastatic and not metastatic. In three PM and nine LN with frozen material, VDJ-rearrangement was analyzed by Gene Scan Analysis. Survival analysis was performed on a group of 85 primary melanomas 42 mm in thickness. Forty-one cases (3.7%) showed clusters/sheets of PCs. PC-rich melanomas occurred at an older age and were thicker, more often ulcerated and more mitotically active (Po 0.05). PCs were polyclonal and often expressed IgA in addition to IgG. In LN, clusters/sheets of IgA+ PCs were found both in the sinuses and subcapsular areas. Analysis of VDJ-rearrangements showed the IgA to be oligoclonal. Melanomas with clusters/sheets of PCs had a significantly worse survival compared with melanomas without PCs while, interestingly, melanomas with sparse PCs were associated with a better clinical outcome (P = 0.002). In conclusion, melanomas with sheets/clusters of PCs are associated with worse prognosis. IgG and IgA are the isotypes predominantly produced by these PCs. IgA oligoclonality suggests an antigen-driven response that facilitates melanoma progression by a hitherto unknown mechanism.
Melanoma is not only one of the most immunogenic cancers but also one of the most effective cancers at subverting host immunity. The role of T lymphocytes in tumor immunity has been extensively studied in melanoma, whereas less is known about the importance of B lymphocytes. The effects of plasma cells (PCs), in particular, are still obscure. The aim of this study was to characterize pathological features and clinical outcome of primary cutaneous melanomas associated with PCs. Moreover, we investigated the origins of the melanoma-associated PCs. Finally, we studied the outcome of patients with primary melanomas with PCs. We reviewed 710 melanomas to correlate the presence of PCs with histological prognostic markers. Immunohistochemistry for CD138 and heavy and light chains was performed in primary melanomas (PM) and in loco-regional lymph nodes (LN), both metastatic and not metastatic. In three PM and nine LN with frozen material, VDJ-rearrangement was analyzed by Gene Scan Analysis. Survival analysis was performed on a group of 85 primary melanomas 42 mm in thickness. Forty-one cases (3.7%) showed clusters/sheets of PCs. PC-rich melanomas occurred at an older age and were thicker, more often ulcerated and more mitotically active (Po 0.05). PCs were polyclonal and often expressed IgA in addition to IgG. In LN, clusters/sheets of IgA+ PCs were found both in the sinuses and subcapsular areas. Analysis of VDJ-rearrangements showed the IgA to be oligoclonal. Melanomas with clusters/sheets of PCs had a significantly worse survival compared with melanomas without PCs while, interestingly, melanomas with sparse PCs were associated with a better clinical outcome (P = 0.002). In conclusion, melanomas with sheets/clusters of PCs are associated with worse prognosis. IgG and IgA are the isotypes predominantly produced by these PCs. IgA oligoclonality suggests an antigen-driven response that facilitates melanoma progression by a hitherto unknown mechanism. Modern Pathology (2016) 29, 347-358; doi:10.1038/modpathol.2016.28; published online 12 February 2016 Melanoma is not only one of the most immunogenic cancers but also one of the cancers that is most adept at circumventing host antitumor immunity. 1 In fact, the phenomenon of regression in primary melanomas is frequently only partial (23-58%), and complete regression is rare (12.4%), suggesting the presence of mechanisms that allow the tumor to resist immune attack. 2 In recent years, the immune response in melanoma has gained much attention owing to the efficacy of new therapies that act on its modulation by blocking immune check points. [3] [4] [5] [6] [7] The immune response is the result of complex interactions between different types of cells, which can result in an immune-stimulatory signal as well as an immune-suppressive signal. Moreover, the very same type of cell can be influenced by the microenvironment to polarize into different functional states according to the need for an active immune response or of immune tolerance at a certain moment. This has been demonstrated for macrophages (M1 and M2 polarization), [8] [9] [10] [11] neutrophils (N1 and N2 polarization) 12, 13 and T lymphocytes (Th1, Th2, Th17 responses). [14] [15] [16] The role of T lymphocytes and macrophages has been extensively studied in melanoma, 13, [17] [18] [19] [20] [21] [22] whereas less is known on the role of B lymphocytes and plasma cells (PCs). Recently, B lymphocytes have turned out to constitute between 0 and 50% of the tumor-infiltrating lymphocytes, [23] [24] [25] but controversy exists as to their precise role in melanoma progression. [25] [26] [27] [28] Furthermore, the role of PCs, the terminally differentiated form of B lymphocytes, has been the subject of two studies, one that links them with an increased risk of lymph node metastasis 29 and one that shows an association with poor survival, 30 but the mechanisms underpinning these observations remain obscure.
The aim of the current study was to identify melanomas with a significant PC component in the inflammatory infiltrate, to study their detailed clinico-pathological characteristics and immunoglobulin expression and to speculate on the origin of the PC response by examining the melanoma-draining loco-regional lymph nodes.
Materials and methods

Evaluation of Cases
Seven hundred and ten consecutive cases of invasive primary cutaneous melanoma from the Department of Pathology of the University Hospitals Leuven (KU Leuven), Belgium, were reviewed. According to their subtype, there were 544 superficial spreading melanomas (SSM), 83 nodular melanomas (NM), 25 acral lentiginous melanomas (ALM) and 58 'others' category that included special variants, such as nevoid or desmoplastic melanomas, or cases with unknown subtype. The age of the patients ranged from 11 to 97 years (median: 63 years). In all, 417 were females, and 293 males. Also, 283 melanomas occurred on the limbs, 213 on the trunk, 83 in the head and neck area and 38 on acral sites; from 93 cases, the site was not known. All lesions were evaluated for histological prognostic factors. In addition, 15 primary melanomas from Radboud University Medical Center (Nijmegen, The Netherlands) and 6 cases from the University of Florence (Florence, Italy), all containing sheets of PCs, were available for analysis. Melanoma cases were semiquantitatively evaluated according to the quantity of PCs in the inflammatory infiltrate surrounding the melanoma and subdivided into four groups ( Figure 1a ). The first group included melanomas without PCs (PC neg ), while the other three groups included melanomas with increasing numbers of PCs (in general, PC+).
All the available slides for each case were screened for the presence of PCs. The relative number of PCs was quantified by a scoring system taking both the number and distribution pattern (clusters or single cells) into consideration. Score 1 was assigned when the PCs in the infiltrate were sparse and scattered, with no tendency to cluster (PC1). Score 2 was used for melanomas in which PCs were more abundant, with a tendency to group in discrete clusters, containing at least five PCs in contact with each other (PC2). The score 3 category showed confluent clusters of PCs, forming sheets (PC3). To evaluate the impact of PCs on the histology and outcome of melanoma, we grouped scores PC2 and PC3 under the heading 'plasma cell-rich melanomas' (PC-rich, 34 cases). In 14 cases of PC+ melanoma, loco-regional lymphadenectomy specimens containing both involved lymph nodes (8 cases) and uninvolved lymph nodes (6 cases) were available for study.
To evaluate the outcome of PC+ melanomas, an additional data set of 85 patients with thick melanomas (42 mm, range 2.1-47 mm) and clinical follow-up data from a minimum of 3 to a maximum of 12 years (range: 1099-4633 days) was collected from the files of the Melanoma Institute Australia, Sydney, and the Department of Tissue Pathology and Diagnostic Oncology, Royal Prince Alfred Hospital, Camperdown, New South Wales, Australia. We included this series of thick melanomas in order to enrich the samples for PC + melanomas and to minimize the impact of Breslow thickness on the outcome. In this melanoma set, the prevalent subtype was NM (31 cases), followed by SSM (24 cases) and ALM (12 cases). Eighteen cases were from special subtypes, mostly desmoplastic melanomas and malignant blue nevus cases. The most frequent site of occurrence was head and neck (26 cases), followed by trunk (16 cases), acral sites (16 cases), and limbs (15 cases). The outcome of the patients included 36 cases alive without recurrence, 3 alive with melanoma, 20 dead from melanoma, 3 cases dead owing to unrelated cause and 11 cases dead from unknown cause.
Immunohistochemistry
All biopsies were fixed in 10% buffered formalin and embedded in paraffin. The most representative section for each case was used for immunohistochemistry. Immunohistochemical analyses were performed on routinely fixed paraffin-embedded tissue sections on the Leica Bondmax automatic immunostainer using ready-to-use antibodies from Dako directed against CD138, IgG, IgA, IgM, IgD, IgE, CD3, CD20 and CD21. The peripheral nodal addressin antibody was from Sigma-Aldrich (peripheral nodal addressin (PNAd), clone: MECA, dilution 1:3000).
A semiquantitative score was used to evaluate the number of IgA+ PCs relative to the total number of CD138+ PCs in the inflammatory infiltrate in sections stained with double IgA (red)/CD138 (brown) immunohistochemistry. The quantity of double IgA/CD138-positive PCs was scored as ;' − ' if o10% of CD138+ PCs was IgA+, '+' if IgA+/CD138 PC were Plasma cells in primary melanoma between 10 and 50% and '++' if ≥ 50% of the CD138+ PCs was IgA+ (Figure 1 ).
Gene Scan Analysis
Representative material, snap frozen in liquid nitrogen-cooled isopentane, was available from 2 PC+ primary melanomas and 14 lymph nodes draining PC+ melanomas. Total RNA from the tumor samples was isolated with the Total RNA and DNA Purification Kit from Macherey-Nagel, according to the manufacturer's protocol. Five hundred micrograms of RNA was reversely transcribed into cDNA using Superscript II reverse transcriptase (Invitrogen) and a random hexamer (Fermentas). Afer treatment with RNaseH (Fermentas), the resulting cDNA was diluted for a final volume of 40 μl. For the Ig heavy chain characterization of the samples, a set of primers specific for the secretory (s) type and the membrane Large clusters of PCs merge together to form sheets in the tumoral stroma were scored as PC3 (a sheet is contoured by the discontinuous line; double immunostaining for CD138 (brown) and IgA (red), × 10). IgA+CD138+ plasma cells were qualitatively quantified in the infiltrate as o10% (×20) (d), between 10 and 50% (×20) (e), and 450% or more of the total number of plasma cells (×20) (f).
(m) type of all the immunoglobulins isotypes was used to perform the PCRs. Primers for actin and GADPH were used to check the cDNA quality, and a sample with water served as negative control. Amplification was carried out with Taq DNA polymerase (Takara), with 2.5 μl of cDNA in a 25-μl volume, and started with 4 min at 94°C, followed by 36 cycles of 45 s at 94°C, 45 s at 58°C, 1 min and 30 s at 72°C, and ended by a final step of 5 min at 72°C. The amplification products were checked with gel electrophoresis. For the Gene Scan Analysis, the cDNA was amplified by two rounds of nested PCR. All the primers used are listed in Supplementary Table S2 . For the first PCR, amplification was carried out with 2.5 μl of cDNA in a 25-μl volume and started with 4min at 94°C, followed by 30 cycles of 45 s at 94°C, 45 s at 50°C, 45 s +2 s/cycle at 72°C, for a total of 30 cycles, to end with 10 min at 72°C. For the second PCR, amplification was carried out with 2.5 μl of the first PCR product diluted one in a hundred in a 25-μl volume and started with 4 min at 94°C, followed by 36 cycles of 45 s at 94°C, 45 s at 57°C, 45 s +2 s/cycle at 72°C, for a total of 30 cycles, to end with 10 min at 72°C. The amplification products were checked with gel electrophoresis. Size and quantity of the amplified DNA fragments were analyzed in combination with the Internal Standard Lane 600 (Promega) through the ABI PRISM 310 Genetic Analyzer and the Gene Scan Analysis. A polyclonal control (tonsil) and a monoclonal control (IgA myeloma cell line) were loaded together with the samples.
Statistical Analysis
Statistical analysis was performed with Microsoft Office Excel and the GraphPad Prism 6.01 software. The Mann-Whitney test for not normally distributed Plasma cells in primary melanoma data was used to calculate the P-values for age and Breslow. The Chi-square test adjusted for not normally distributed data was used to evaluate the P-values for the correlation of the other clinical and histological parameters analyzed with the presence of PCs. Survival rates were calculated according to the Kaplan-Meier method.
Results
Clinico-Pathological Features of PC+ Melanomas
Of the 710 primary cutaneous melanomas from the University Hospital Leuven, 41 (3.7%) showed a PC component in the inflammatory infiltrate associated with the melanoma. According to the PC score, 7 (18%) showed scattered PCs (score PC1), 24 (58%) had discrete clusters of PCs (score PC2) and 10 (24%) contained sheets of PCs (score PC3). As PC1 melanomas represent a condition in which the quantity of PC is low and could be not biologically relevant, we focused on PC2 and PC3 cases to better characterize melanomas in which the amount of PC is important and labeled these 34 cases (82%) as 'PC-rich' melanomas in statistical analysis. From score PC1 to score PC3, an increase in the number of intra-tumoral PCs that were in direct contact with the melanoma cells was observed. In fact, while in 6 out of the 7 PC1 melanomas the PCs were only in peritumoral location, PC2 and PC3 melanomas showed the PCs to be located within the tumor mass (15/24 (62.5%) and 8/10 (80%) cases with intratumoral PCs, respectively, P = 0.006). Clinical and histological features of PC-rich melanomas are shown in Supplementary Table S1 , and the statistical analysis is resumed in Figure 2 . The average age at the diagnosis for PC-rich melanomas was 63 years (range 20-86, median 63) and 55 years for melanomas without PC (range 11-97, median 55), suggesting that PC-rich melanomas occur in patients 10 years older than PC neg melanomas (P = 0.005). In all, 19/34 (56%) patients with PC-rich melanomas were males, and 15/34 (44%) were females. PC-rich melanomas affected, in decreasing order, the trunk, limbs, head and neck areas and acral sites, while PC neg melanomas were mostly on the limbs and less frequently on the trunk, head and neck area and acral sites. PC-rich melanomas were more often of the nodular subtype than PC neg melanomas (P = 0.00046). Three strongly evidence-based markers of bad prognosis in melanoma (high Breslow thickness, 46 mitoses/mm 2 and the presence of ulceration) were found to be associated with the presence of PCs in melanoma (Po0.0001). The incidence of PC+ melanomas increased to 19.5% if only cases with a Breslow thickness 42 mm were taken into account. A No significantly different clinical features were found between score PC1, PC2 and PC3. The three PC scores differed significantly only for two histopathological parameters, ie, the PC distribution in the tumor microenvironment and the thickness of the melanoma according to Breslow. Regarding the distribution of PCs, the number of intratumoral PCs increased from score PC1 to score PC3, indicating that, with increasing numbers of PCs in the inflammatory infiltrate, these PC tended to be more in direct contact with melanoma cells (P = 0.006). Moreover, PC3 melanomas were significantly thicker than PC2 and PC1 melanomas (P = 0.008). All other histopathological parameters (subtype, mitotic rate, ulceration, regression, lymphatic/vascular invasion, microsatellites) were not significantly correlated with the number of PCs in the infiltrate.
Immunohistochemical Features of PC+ Melanomas
Sixteen cases of PC+ primary melanomas were available for immunohistochemical analysis. Immunohistochemistry for Ig light chains showed the PCs to be polyclonal (data not shown) and staining for different isotypes of immunoglobulins (IgA, IgG, IgM, IgD, IgE) revealed that the major part (usually 450%) of the PCs in the melanoma-associated inflammatory infiltrate was positive for IgG (data not shown). Interestingly, an equally important PC component of the infiltrate expressed IgA. Using double chromogenic immunohistochemistry for the membranous PC marker CD138 (brown) and cytoplasmic IgA (red), the quantity of IgA+ PCs as a fraction on the total of the CD138+ PCs was evaluated in PC+ melanomas. In 3/16 (18%) of the cases, 450% of PCs expressed IgA, in 7/16 (44%), 10-50% of PCs expressed IgA and 6/16 (38%) cases were devoid of a significant IgA+ PC component. In total, 56% of cases showed 410% of all PCs to express IgA, and all these cases had clusters (PC2 score) or sheets (PC3 score) of PCs. The distribution of the IgA+CD138+ score from PC1 to PC3 melanomas showed that IgA+ PCs increased with increasing numbers of PCs in the melanoma (Table 1) . In order to rule out that ulceration by itself was the trigger for IgA switch, 20 randomly chosen non-neoplastic ulcers and two (positive control) genital and mucosal ulcers were analyzed histologically and immunohistochemically. Nine had PCs in the infiltrate, and these ulcers occurred more frequently in the head and neck areas (Supplementary Table S3 ). On double chromogenic immunohistochemistry, the number of IgA+ PCs was generally low in cutaneous non-neoplastic ulcers as compared with those at mucosal sites where equal numbers of IgA+ and IgG+ PCs were found.
As they represent a site of PC formation, the occurrence of tertiary lymphoid structures (TLS) in the inflammatory stroma was investigated by immunostainings in consecutive serial sections of 16 cases for CD20 (B cells), CD3 (T cells), CD21 (follicular dendritic cells (FDC)) and PNAd, a high endothelial venule (HEV) marker. The presence of B and T cells, as well as FDC and HEV together in a lymphoid aggregate, was considered to be sufficient to define a TLS. 31 According to this criterium, only 2 out of the 16 cases of PC+ melanoma presented with TLS (Table 1 ).
Molecular Analysis of Ig Genes Expressed by PC+ Melanomas
We first analyzed the isotype of the immunoglobulinexpressing cells present in two PC-rich primary melanomas, for which frozen material was available. We used RT-PCR to detect the IGHD, IGHM, IGHG, IGHA and IGHE transcripts, which encode the constant regions of Ig heavy chains (Figure 3a) . The secreted isoforms of IgG and IgA were more expressed than both the corresponding membranous isoforms and other isotypes, thus confirming that they are the main isotypes expressed by PCs in melanoma.
To further characterize the clonality of the infiltrating PCs, we analyzed the diversity of the Ig gene repertoire with the immunoscope approach. To this aim, we used two rounds of nested RT-PCR, including fluorochrome-coupled primers for the last PCR round, to amplify all the VDJ sequences present in IgG-s and IgA-s transcripts. The amplified fluorescent fragments were then separated according to their length by high-resolution electrophoresis (Figure 3b) . In both tumors, the IgG were found to have a polyclonal pattern, whereas the IgA repertoire was more restricted, indicating oligoclonality.
Analysis of Lymph Nodes Draining PC+ Melanomas
In the loco-regional lymph nodes, the same score used for primary melanomas was applied to quantify the amount of PC infiltrates. In lymph nodes with score 1, scattered PCs were predominantly localized in the medullary sinuses. In lymph nodes with score 2 and 3, PC neg clusters and sheets were found in the medullary sinuses as well as in the sub-capsular region. In 12/14 lymph nodes draining the site of a PC+ melanoma, the PC score in the lymph node was the same or higher than the score in the corresponding primary melanoma. Therefore, a good correlation existed between the PC score in draining lymph nodes and primary melanoma ( 
Plasma cells in primary melanoma
IgA PCs was also found in cases with scattered PCs (PC1 score).
Gene Scan analysis, focused on the secretory part of IgA, was performed on frozen material from nine lymph nodes previously studied by immunohistochemistry. Seven of these cases had 10-50% IgA+ PCs in the lymph node, whereas the other two had no relevant IgA component in the lymph node. In seven out of the nine cases, Gene Scan Analysis showed oligoclonality of the secretory IgA component, suggesting an antigen-driven IgA-immune response (Figures 3c and d) . In two out of the nine cases, a lymph node with sheets of PCs (PC3) showed predominance of IgG PCs and a score 1 case with prominent IgA+ PCs had a polyclonal IgA secretory component. These two cases proved that, even in the presence of a minority of IgA-positive PCs in the lymph node, polyclonality could be detected. Moreover, in the latter case (score 1 with prominent IgA+ PC), a restriction of IgM and IgG was detected, suggesting an antigen-driven immune response involving IgG and IgM, but not IgA.
Outcome of Patients with PC+ Melanomas
As our data showed that PCs are found in a low percentage of primary melanomas and that they are associated with unfavorable prognostic factors, we analyzed their outcome in a series of 85 thick melanomas from Australia. In this series, PCs were found in 33 cases (38%), an important increase in comparison to the incidence of 19.5% of PC+ melanomas that were found among the thick melanomas subgroup from the KUL data set. This could be due to differences between melanomas arising in the Belgian population compared with the Australian one. PC1 melanomas were 12 (36%), PC2 11 (33%) and PC3 10 (31%). In this series of thick melanomas, the presence of PCs correlated again with Breslow thickness (P = 0.0002), subtype of melanoma (P = 0.0037) and ulceration (P = 0.0002). On the other hand, mitotic count and lymphatic/ vascular invasion, associated with the presence of PCs in the original Leuven data set, lost significance in the series from Australia.
Immunohistochemical staining revealed that 21 out of the 33 cases (70%) presented a relevant IgA+ PC component. The distribution of the IgA score was homogeneous among the PC scores: also cases with sparse PCs showed predominant expression of IgA. In particular, 9 out of the 12 PC1 melanomas presented between 10 and 50% of IgA+ PCs in the infiltrate; 6 out of the 11 PC2 melanomas had IgA+ PCs (which in 2 cases comprised 450% of the PCs) and 9 out of the 10 PC3 melanomas had in almost all cases 450% of IgA+ PCs.
Of the 52 cases without PCs in the inflammatory infiltrate, 26 patients were alive without disease, 3 alive with melanomas, 11 dead owing to melanoma and 12 dead owing to a cause unrelated to melanoma or by unknown cause. Of the 21 PC-rich melanomas (PC2 and PC3), 10 patients were alive without disease, 9 dead owing to melanoma, 1 dead owing to other causes and none alive with melanoma. Of the 12 PC1 melanoma patients, 8 were alive without disease, 2 were alive with melanomas, 1 dead owing to melanoma and 1 dead owing to unknown cause. The Kaplan-Meier curves of survival were not significant for the absolute presence or absence of PCs in the inflammatory infiltrate but were significant for the difference in survival of patients with PC-rich melanomas vs those with melanomas lacking PCs and PC1 melanomas ( Figure 5 ). Hence, patients with PC-rich melanomas showed a worse survival compared with those with PC neg melanomas (P = 0.002). The survival of patients with PC1 melanomas appeared to be better than that of patients with PC neg melanomas, but this finding did not reach statistical significance. The same difference in survival was found when comparing the survival patients with ulcerated melanomas at all sites with that of ulcerated melanomas on the limbs, thereby eliminating the bias of ulceration and site of occurrence (Supplementary Figure S1 ).
Discussion
Our work investigated the significance of PCs in melanoma in a wide data set, because in the literature, the role of this B-cell subtype in melanoma is almost unexplored. In fact, only two studies 29, 30 have been performed on this topic 430 years ago; one study correlates their presence with an increased Figure 4 Correlation between the plasma cells' score in primary melanomas and in lymph nodes. After application of the same scoring system used in primary melanomas, a good correlation was found between the amount of plasma cells in the tumoral site and in the draining lymph nodes (pictures on the right, from top to bottom, sparse plasma cells, clusters and sheets in the lymph nodes).
Modern Pathology (2016) 29, 347-358 risk of lymph node metastasis, and the other study shows an association with poor survival. More recently, a third study has quantified PC at around 8% of the total cellularity of the inflammatory infiltrate in melanoma metastases. 32 From our study, it appears that PC+ melanomas are rare and occur in 44% of invasive melanomas. From a clinical point of view, PC+ melanomas occur at an older age, ie, some 10 years later than the median age of melanomas lacking PCs. From a histopathological point of view, we found PCs to be associated with features of worse prognosis: high Breslow thickness, high numbers of mitoses, presence of ulceration, and of lymphatic/vascular invasion. Moreover, in the PC-rich group, there was a prevalence of NM, the only melanoma subtype known in the literature to have a worse prognosis compared with the other subtypes. 33 Ulceration may result in inflammatory infiltrates that contain PCs. To verify that the class switching was related to the tumor and not to the ulceration, we examined also a series of non-neoplastic ulcers and found a low percentage of IgA+ PCs on the total number of PCs in ulcers at non-mucosal sites.
To confirm the poor prognostic significance of PCs among the stromal cells in melanomas, we performed a survival analysis in a selected group of thick melanomas (42 mm) to minimize the impact of the thickness on the statistical analysis. In this data set, 38% of the melanomas carried PCs in the infiltrate. In this 'thick melanomas' subgroup, as expected, the most frequent subtype associated with the presence of PCs was NM. Moreover, PC+ melanomas occurred more frequently in intermittently sun-exposed areas, such as trunk and acral sites, while melanomas lacking PCs involved head and neck and limbs, which are sites known to be chronically sun-damaged. The mere presence of PC in the infiltrate, irrespective of their number, did not, however, predict a poor outcome. This is in contrast with the previous two papers 29, 30 in which PCs were found to correlate with survival, although the relative number of PCs in the infiltrate was not specified. In our survival analysis, only PC-rich (PC2-PC3) melanomas, ie, those showing clusters and confluent sheets of PCs, showed a worse survival compared with PC neg melanomas, while patients with PC1 melanomas (showing scattered PCs in the stromal infiltrate) appeared to have a better survival than those lacking PCs, although no statistical significance was reached. Therefore, we can divide cases into two groups according to survival, the PC-rich melanomas (PC2-PC3), and the PC-low melanomas (PC1-PC0) (Figure 5c ). The influence of the quantity of plasma cells on survival could be due to the fact that, at the beginning of the plasma cell response, PCs may either have a beneficial effect or their effect is not yet detectable, because it is counterbalanced by other immune mechanisms.
When the isotype of the PCs was explored, we found that the two most predominant immunoglobulins produced are IgG and IgA. In general, the presence of tumor-specific antibodies has always been regarded as a good prognostic factor. 34 The presence of tumor-infiltrating B cells and Ig κ chains genes' overexpression within the tumor bed have been positively correlated with metastasis-free survival and response to chemotherapy in breast cancer. 31 On the other hand, Figure 5 Survival analysis of melanomas with plasma cells. The overall survival does not significantly differ between PC+ and PC − melanomas (a), but among the different PC scores, the score 3 and score 2 melanomas ('PC-rich') show a worse prognosis than score 0 ('PCneg') and score 1 melanomas (P = 0.002) (b), therefore these two last groups could be prognostically grouped toghether under the definition of 'PClow' melanomas (c). different immunoglobulin isotypes have been shown to have different roles in human cancers. IgM and IgD identify the naive, preswitched B cell. The lifespan of this cell depends on exposure to antigen: according to Burnet's 'clonal selection' theory, B cells are rescued from apoptosis by their response to antigens. 35 B cells can respond directly to an antigen, independently from T cell help, or can participate in cognate recognition of the antigen with T cells, through the costimulatory molecules CD80 and CD86. The latter takes place during a germinal center reaction and results in class switching and somatic hypermutations of the immunoglobulin variable domains, thus giving birth to Ig variants with various affinities for the antigen, thereby improving its recognition. 35 In this manner, B cells differentiate into PCs and switch from expression of the constant region of the IgM (Cμ) to expression of the same VHDJH-exon with any of the downstream CH genes (Cα1-2, Cγ1-4 or Cε), thereby becoming an IgA, IgG or IgE molecule. Class switching appears to be dependent on external cytokine signals: IFN-γ favors IgG2 switching, IL-4 favors IgG4 and IgE switching, and transforming growth factor-β (TGF-β) favors IgA switching. 35 In our series of PC+ melanomas, we found predominantly IgG and IgA expression in the PCs. With regard to IgG, the IgG4 subclass has been linked to a worse outcome and has turned out to have blocking effects on the binding of tumor-specific IgG1. 36 On the other hand, the ectopic expression of FcγRIIB, an inhibitory receptor for IgG, on melanoma cells was found to promote liver metastasis allowing the tumor to escape humoral immunity. 15 Unexpectedly, a high proportion of PCs expressed IgA. IgA has been found to have blocking properties on cytotoxic T-cell reactions against melanoma 37 and has been shown to have a tolerogenic role in the gut 38 and an immunosuppressive role counteracting IgG activities in intestine transplantation. 39 More recently, Shalapour et al 40 correlated IgA-producing plasmablasts with the failure of immunogenic chemotherapy in mice with prostatic cancer, confirming the role of IgA in counteracting the immune response.
In our data set, the relative number of IgA+ PCs tended to increase with the total number of PCs (expressed as PC score) as well as with melanoma thickness. Indeed, in the 'thick melanomas' data set, IgA+ PCs were more frequently found than in the original data set. Moreover, at the Gene Scan Analysis, transcripts of few different lengths were found for IgA indicating oligoclonality, whereas transcripts with high variability in length were found for IgG, indicating polyclonality. This strongly suggests an antigen-driven restriction of the tumor-associated IgA+ PCs. The nature of this antigen is as yet unknown but currently under study.
Finally, we sought to elucidate the origin of the melanoma-associated IgA+ PCs. Under normal circumstances, B lymphocytes are not detectable in the skin owing to their very low number. 41 The adaptive humoral immune response classically originates in secondary lymphoid organs (SLO) but may be generated in situ within TLS. TLS are inducible and transient structures that occur in non-lymphoid organs, and that share with SLO the same cytokines involved in their genesis, and the same B and T topography. 22 TLS are composed of T-areas containing mature dendritic cells and B-areas containing germinal centers with evidence of isotype switching in B cells; in addition, TLS possess PNAd+HEV and express a range of cytokines important for the organization of SLO. 42 Not all these features are present at the same time, suggesting evolution over time of TLS. 31 A recent study in lung carcinomas demonstrated that TLS were able to produce polyclonal IgG and IgA directed against several tumor antigens, 31 and in melanoma metastases, B cells in the follicles of TLS were shown to be involved in IgA responses. 43 However, analysis of our series showed TLS in only 2 of the 15 primary melanomas; hence, it is unlikely that the PC were produced 'in situ' in the skin.
After contact with the antigen and their phenotype switching in Peyer's plaques, intestinal plasmablasts migrate to the lymph nodes in order to proliferate and hypermutate; thereafter, they finally reach the lamina propria to mature into IgA-secreting PCs. 44 Similarly, B cells continuously recirculate between skin and lymph nodes. 45 Therefore, we investigated the loco-regional lymph nodes draining the PC+ melanoma site. In these lymph nodes, we generally observed a considerable number of IgA+ PCs, the number of which correlated with the number in the primary melanoma. This suggests that the IgA response involves a recirculation of IgA+ PCs (or plasmablasts) between the skin and lymph nodes. Finally, the Gene Scan Analysis performed on the DNA extracted from the loco-regional lymph nodes showed oligoclonality of the secretory IgA component both in the involved and uninvolved tumor-draining lymph nodes, thereby indicating that the IgA+ PCs in the lymph node also showed antigen restriction. This result is in agreement with the finding of oligoclonal patterns in T-cell receptor rearrangements in both primary melanomas and draining lymph nodes. 45 In conclusion, primary melanomas with clusters and sheets of PCs in the inflammatory micro-environment are rare (3.7%), occur in older patients and are associated with histological markers of poor prognosis and with a poor survival. Melanoma-infiltrating PCs are predominantly of the IgG and IgA isotypes. The low incicence of PC-positive cases and their already high-risk nature limit the utility of these findings in prognostication, and anyway, additional validation would be required before using the findings for clinical decision-making purposes. Nevertheless, we suggest that these IgAs, which are likely antigen-induced, exert a tumor-promoting role, either by interaction with other cells in the micro-environment or by blocking soluble, growth-inhibiting molecules. Characterization of these IgA and determination of their target antigens may help to understand the role of humoral immunity in melanoma. 
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